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ABSTRACT

Pack, Jessica Spencer. M.S. Department of Psychology, Wright State University, 2015.
Effect of Localized Temperature Change on Vigilance Performance.

This study examined the influence of localized temperature change on vigilance
performance. Additionally, the effect of stressor appraisals on the relationship between
localized temperature change and vigilance performance was investigated. A total of 36
male and female participants between the ages of 18 and 45 completed a stressor
appraisal scale before completing a 40-minute simulated air traffic control vigilance task.
Depending on the condition, either a hot, cold, or neutral temperature change was
induced using a thermoelectric pad and blanket 20 minutes into the vigilance task.
Although localized temperature change did not have a significant effect on vigilance
performance 25-30 minutes into the task, those who were randomly assigned to the cold
condition did experience a significant reduction in their vigilance decrement over time
when compared to the neutral condition. Participants were classified as challenged or
threatened, depending on their task appraisals. A marginally significant main effect of
stressor appraisals on vigilance performance was observed. Challenged individuals
appeared to perform better over time than threatened individuals. Although a moderating
effect was not observed, these results suggest that individually both localized temperature
change and stressor appraisals tend to influence vigilance performance over time.
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1. INTRODUCTION
Sustained vigilance has become increasingly important in modern work places as
more human work involves automated human-machine systems (Warm, 1977).
Machines are now primarily performing tasks that once had to be performed by humans.
Automated machines have changed the role of operators, from hands-on controllers to
passive supervisors, in which action is required only when a problem arises (Sheridan,
1970). As a result of this shift, vigilance has become a crucial element of human
performance in careers that use automation, such as air traffic control, military
surveillance, airport baggage inspection, and robotic manufacturing (Hancock & Hart,
2002; Satchel, 1993; Warm, 1984). Although automated human-machine systems have
obvious benefits in the work place, their introduction has created new problems related to
over-reliance and sustained vigilance (Molloy & Parasuraman, 1996). It is relatively easy
for people to be briefly attentive to a series of predictable events, but maintaining
attention to unpredictable events over a long period of time is difficult. A stream of
research has demonstrated that signal detection during a vigilance task markedly declines
over time (e.g., Mackworth, 1950). This phenomenon is known as the vigilance
decrement (Mackworth, 1948). Concern for vigilance is not new, but only a few studies
have examined the relationship between temperature and vigilance. The research that
does exist is conflicting. Further, the influences of individual differences in appraisals of
vigilance tasks and temperature have yet to be examined. The purpose of this study was
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to examine the influence of localized temperature changes on vigilance performance, and
determine whether individual stress appraisals effect this relationship.
1.1 Historical Origins of Vigilance
Sir Henry Head, a British neurologist, first used the term ‘vigilance’. He defined
it as a state of maximum physiological or psychological readiness to react. Although
Head defined the term in 1923, the study of vigilance did not start until 20 years later
during World War II, when the Royal Air Force encountered a problem with the radio
detection and radar technology being used to identify and destroy enemy submarines.
The Royal Air Force found that after 30 minutes of using the equipment, well-trained
observers were failing to detect green ‘blips’ on the screen, which were indicators of
enemy U-boats. Undetected U-boats then were given the opportunity to attack allied
ships. The decrease in vigilance among the radar observers demonstrated that there was a
clear deficiency associated with the human component of automated human-machine
systems, and this observed deficiency initiated the experimental study of vigilance
(Warm, Dember, & Hancock, 1996).
Preliminary vigilance research was conducted in laboratory experiments. To
systematically investigate vigilance, Mackwork created a simulated radar task known as
the ‘clock test’ (1948/1950). During the experimental sessions, observers followed the
movement of a 6-inch black pointer along the circumference of a 10-inch diameter blackfaced circle without scale markings. While the black pointer typically moved 0.3 inches
every second, sometimes it would move 0.6 inches. This ‘double jump’ functioned as the
critical signal for detection. Participants identified a critical signal by pressing a Morse
Key (Lichstein, Riedel, & Richamn, 2000). A response was a hit if it occurred within 8
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seconds of the signal and a miss if the response occurred after 8 seconds. The task
displayed the critical signals only 3 to 5 percent of the time in an unpredictable manner,
and the experimental sessions were long, lasting for 2 hours. This type of experimental
design has become the standard in vigilance research (Warm, 1984).
The results from Mackworth’s clock test demonstrated that sustained vigilance is
hard to maintain (Beam, 2002). After plotting the vigilance performance data over time,
Mackworth found that the number of hits relative to misses decreased progressively over
time. This phenomenon, known as the vigilance decrement, set the stage for future
vigilance research (Davies & Parasuraman, 1982; Matthews, Davies, Westerman, &
Stammers, 2000; Warm, 1984). Research has shown that the vigilance decrement occurs
within 20 to 35 minutes of starting a vigilance task, with at least half of the decrease in
performance occurring within the first 15 minutes of a task (Teichner, 1974). Further,
observers experience a decrease in signal detection within 5 minutes of starting a task if
the task is particularly demanding (Nuechterlein, Parasuraman, & Jiang, 1983; Temple, et
al., 2000). The vigilance decrement occurs in both experienced and inexperienced
observers and in both field and laboratory studies. Although several types of vigilance
tasks have emerged, the common component is the identification of an infrequent signal
that must be parsed from frequently presented non-signals over an extended period of
time. Given the importance of sustained vigilance in many modern workplaces,
knowledge of the factors that influence vigilance is critical.
1.2 Psychophysical Variables
By manipulating key psychophysical variables within vigilance tasks, researchers
have gained insight on several factors that influence vigilance and various circumstances
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under which the vigilance decrement occurs (Bridges, 2011). Variables classified as
first-order factors involve changes in the physical nature of the stimulus. Second-order
factors refer to variables that are based on the participant’s interpretation of the signal or
the associated characteristics gained from experience with the specific task. Table 1
provides a summary of variables commonly classified as first-order or second-order
factors (Faisal, Selen, & Wolpert, 2008).
Among first-order factors, the frequency of signal presentation (background event
rate) is considered to be one of the most influential (Parasurman, Warm, & Dember,
1987; Warm & Jerison, 1984). Studies have shown that performance on vigilance tasks
varies inversely with the background event rate (Parasurman, Warm, & See, 1998). The
intensity of the signal or the ability to determine a signal from a non-signal is another
prominent first-order factor (Howe, Warm, & Dember, 1995). Second-order factors such
as signal probability and event regularity can be just as influential in vigilance tasks, but
they are based on the individual’s interpretation of the task. For example, people will be
less likely to identify a critical signal if they interpret a signal as less likely to occur.
These first- and second-order factors are altered within a task to make up several
different classes of vigilance tasks, referred to as simultaneous, successive, static, or
dynamic tasks (Bridges, 2011). Parasuraman and Davies (1977) developed the
Taxonomy of Vigilance to classify successive and simultaneous tasks. This taxonomy
system assigns source complexity, event rate, and sensory modality to separate
dimensions to classify a task as either successive or simultaneous. Simultaneousdiscrimination tasks require participants to identify targets in the midst of non-signals.
For example, a participant might have to identify the number “3” in a screen covered in
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the number “8.” Successive-discrimination tasks rely on memory, requiring participants
to identify signals by comparing them to something previously displayed in the task. For
example, a participant might have to determine whether an arrow is the same length as a
previously shown arrow. Ongoing tasks that are altered (dynamic) are distinguished from
tasks that do not change (static). Static tasks require participants to identify when a signal
is present. For example, a participant might be asked to push a button whenever they see
a blue circle. Dynamic tasks require participants to identify a signal from ongoing
change. For example, a participant might be asked to identify two overlapping green
circles out of a constantly changing diagram of circles. Research has suggested that the
vigilance decrement is accurately observed more in dynamic tasks than static tasks
(Funke, 2009). The classification techniques discussed up to this point suggest that the
harder a task, the more likely and faster a participant will show a decrease in signal
detection. The difficulty of a task depends on the inclusion of various first- and secondorder factors along with the type of vigilance task. Although this seems fairly
straightforward, researchers still do not know why the vigilance decrement occurs or how
to prevent it from occurring.
1.3 Vigilance Decrement Theories
There are several theories that attempt to explain the causes of the vigilance
decrement. The most popular theories are the mental fatigue perspective and
mindlessness perspective (Helton & Russell, 2011). The mental fatigue perspective
assumes that information processing during vigilance does not allow for replenishment of
mental resources and causes a decline in performance. The mindlessness perspective or
the arousal theory of vigilance suggests that the primary mechanism for detection errors
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in vigilance settings is a drop in arousal or disengagement of conscious awareness from
the task because of the monotonous nature of the task (Parasuraman, 1985). Arousal is
defined by most researchers in this area as a varying state of alertness, ranging from deep
sleep to heightened consciousness (Humphreys & Revelle, 1984; Matthews & Davies,
1998). Research has suggested that humans require sensory input to maintain alertness
(Hebb, 1958). There is also research suggesting that different types of arousal exist and
result in different reactions or levels of activation from humans. For example, Thayer’s
multidimensional conceptualization of the arousal theory, suggests a psychological model
with two activation dimensions and a single continuum of energy expenditure. The
energetic arousal activation dimension ranges from subjectively defined feelings of
energy and vigor to feelings of sleepiness. The tense arousal activation dimension ranges
from subjectively defined feelings of tension to placidity. These dimensions positively
correlate at moderate levels of energy expenditure but at high levels of energy
expenditure, which are routinely required by vigilance tasks, the dimensions of activation
are negatively correlated. Extremely low activation on either dimension de-energizes the
entire system. Consequently, the theory indicates that, while completing a difficult task,
environmental factors that lead to subjective feelings of high energetic arousal should
result in less tense arousal and higher performance (Thayer, 1978).
Research has shown that environmental stressors known to influence arousal do
affect performance on vigilance tasks. For example, Wolfe and Noguchi (2009)
demonstrated that both exercise and music have positive effects, enhancing performance
on vigilance tasks. Similarly, Warm, Dember, and Parasuraman (1991) found that
participants exposed to pungent odors showed greater overall sensitivity to vigilance-
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related signals than those who received periodic whiffs of unscented air. Other
environmental factors such as noise have negative effects on vigilance performance
(Vallet, 2001). Research has also shown that vigilance performance improves in
participants who take stimulant drugs (caffeine, nicotine, and amphetamines; Prokopova,
2010), but decreases with ingestion of inhibitory drugs (alcohol and hyoscine; Hitchcock,
2000). Research has also shown that psychophysiological measures used to index aspects
of attention and autonomic engagement, such as electroencephalography (EEG), event
related potentials (ERP), and skin conductance, predict vigilance performance in some
cases (Bridges, 2011). For example, greater overall perceptual sensitivity (d’) was
observed in people with a high frequency of spontaneous skin conductance, known as
electrodermal labiles, than people with a low frequency of spontaneous skin conductance,
known as electrodermal stabiles (Sakai, Baker, & Dawson, 1992).
A number of external manipulations, such as exercise and drugs, were successful
in increasing vigilance performance (Prokopova, 2010; Hitchcock, 2000; Wolfe &
Noguchi, 2009). However, exercise at a work station is not always possible and drugs can
have unwanted side effects (Warm, Dember, & Parasurman, 1991). Research has
examined temperature as an environmental manipulation. Mackworth (1948) tested the
performance of participants under ambient temperatures of 70° F, 79° F, 87.5° F, and 97°
F. He found vigilance performance was superior at 79° F. In contrast, Pepler (1953)
found that participants performed better on vigilance tasks when in 67° F and 97° F
environments, compared to an 82° F environment. Bursill (1958) conducted a series of
experiments studying the relationship between temperature and vigilance. He found that
high ambient temperatures resulted in a greater vigilance decrement than low ambient
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temperatures. Similar results were reported by Poulton, Hitchings, and Brooke (1965),
who found quicker reaction times in colder environments. A more recent study found
that internal body temperature was associated with changes in human performance
(Wright, Hull, & Czeisler, 2002). After controlling for the effects of the circadian phase
and number of hour’s participants had been awake, cognitive performance was superior
when body temperature was higher. These results suggest that external and internal body
temperature effect performance differently.
The results of the studies investigating the effects of static ambient temperature on
vigilance are inconsistent. Static ambient temperature refers to unchanged environmental
temperature, while localized temperature change refers to variation in temperature within
a limited area. It may be that localized temperature change affords greater experimental
control to examine the effects of temperature on vigilance performance. The present
study investigated the effects of localized temperature change on vigilance performance
using a thermoelectric pad and blanket. The first hypothesis generalizes from inconsistent
research findings on the relationship between ambient temperature change and vigilance
performance. It is was hypothesized that changing the localized temperature positively
(75°F to 110°F) or negatively (75°F to 65°F) would improve vigilance performance.
1.4 Localized Temperature Change and Stressor Appraisals
Due to the often stressful nature of vigilance tasks (Warm, Parasuraman &
Matthews, 2008), this study investigated whether the relationship between localized
temperature change and vigilance performance is influenced by stressor appraisals or the
mental state of the individual. According to Lazarus (Lazarus & Folkman, 1987), people
evaluate the stressfulness of impending events using an appraisal process. This process is
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comprised of primary and secondary appraisals. Primary appraisals establish the personal
significance of the event to the individual, whereas secondary appraisals establish the
individual’s ability to cope with the event. People appraise the same events differently,
and these differences make some people more vulnerable to poor stress outcomes than
others (Blascovich & Tomaka, 1996; Schneider, 2004; Vollrath & Torgersen, 2000).
Stressor appraisals reflect challenge when a person believes they have adequate resources
to meet the stressor demands of a situation they find relevant, or threat when a person
believes they do not have adequate resources to meet the stressor demands of a relevant
situation (Lazarus & Folkman, 1984; Schneider, 2008). These appraisals affect a host of
outcomes.
Research has shown that challenge and threat appraisals affect performance as
well as psychological and physiological outcomes. In a study that utilized arithmetic
tasks as the stressor, challenged individuals gave more responses, made fewer errors, and
had overall better performance than threatened individuals (Schneider, 2004; 2008).
Another study found that challenged individuals outperformed threatened individuals on
training for a complex laboratory task (Gildea, Schneider & Shebilske, 2007). This study
found better performance on post tests indicating that the performance advantage for
challenged individuals observed during training was maintained on retention tests and
also generalized to secondary task interface tests. These appraisals predicted
performance differences even after controlling for video game experience, education, and
self-efficacy. The current study investigated whether appraisals would influence the
effects of localized temperature change on vigilance performance. It was hypothesized
that stressor appraisals would moderate the relationship between localized temperature
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change and vigilance performance. Specifically, individuals who were challenged were
expected to have increased performance on the vigilance task whereas individuals who
were threatened were expected to have decreased vigilance performance.

10

2. METHOD
2.1 Participants
A total of 36 participants enrolled in this study, 21 were male and 15 were
female. They ranged in age from 22 to 40 years with a mean of 28 years (SD= 5.1). All
participants were required to have normal or corrected-to-normal visual acuity, color
vision, and depth perception. No monetary compensation was offered for participation in
this study. A power analysis determined the minimum sample size needed for this
research. The sample size was estimated from past research on challenge or threat stress
responses (Schneider, 2004). Specifically, challenge and threat groups had different
negative affect experiences after learning about the task (mean difference = .78; effect
size d = 1.54) and different negative affect after the task (mean difference = .89; d =
1.21). Using this information, with a 2-tailed alpha = .05 and Power = .80, the present
research would require at least 16 and 12 participants per temperature condition,
respectively. Further, challenge and threat groups also exhibited differences in task
performance (mean difference = 9.4; d = .66). Based on this information, the present
research would require at least 38 participants per temperature condition. However, there
were approximately 15 responses on average across this task, unlike the two precise
responses recorded during the simulated air traffic control task. Past vigilance research
has secured significant effects with sample sizes of 10 per cell (Hitchcock, 1999; 2003).
Utilizing the sample size estimates, a minimum sample size of 36 participants, with 12
per temperature condition, was determined.
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2.2 Task and Apparatus
2.2.1 Vigilance Task. Participants engaged in a 40-minute vigilance task
generated by the 711th Human Performance Wing developed Super Duper Lab software
in which participants monitored simulated air traffic control images. The simulated air
traffic control images contained three concentric circles and four arrows. They were
randomly displayed on different areas of a computer monitor throughout the task.
Participants were presented 30 images/minute and each image remained on the screen for
one second. The configuration of the four arrows changed as the images were updated.
Images showing arrows aligned in a potential collision path were considered critical
events and participants were to respond to such events. Participants indicated a critical
event by pressing a clicker held in their dominant hand. Images showing arrows aligned
in a non-collision path or safe path were considered neutral events and required no overt
response from the participants. Examples of possible critical event images and neutral
event images are shown in Figure 1. The software package was programmed to display
10 critical events randomly within each 10 minute portion of the 40 minute vigilance task
(signal probability per period is 0.033). Studies by Hitchcock et al. (1999/2003) have
repeatedly demonstrated the simulated air-traffic control task has sufficient sensitivity to
detect the temporal decreases in performance associated with vigilance tasks.
2.2.2 Pod. Participants were seated in a pod (Metronaps) while they performed
the simulated air traffic control vigilance task. The pod is 212.19 cm long, 145.73 cm
tall, and the dome of the pod is 121.91 cm wide. The entire pod, including the base,
weighs 310 lbs. The shield built into the pod functioned to prevent participants from
becoming distracted by outside stimuli (see Figure 2).
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2.2.3 Thermoelectric Pad and Blanket. A thermoelectric pad and
thermoelectric blanket combination (Tempronics) was used during the study to
manipulate the localized temperature of participants while they lay in the pod. The
thermoelectric pad was placed in the seat of the pod and participants lay on the
thermoelectric pad while covered by the thermoelectric blanket during the course of the
study. Thermoelectric coils that can either heat or cool, depending on the direction of the
current, are woven into the materials used to construct the thermoelectric pad and
blanket. The thermoelectric pad and blanket have an operating range of 65°F to 110°F.
Figure 2 shows the thermoelectric pad and blanket placed inside the pod with and without
the shield closed on the pod.
2.3 Measures
2.3.1 Stressor Appraisals. The ten-item stressor appraisal scale was used to
measure appraisals (Schneider, 2008). The primary appraisal items included threat,
demand, stressfulness, exertion, effort, importance and uncertainty and comprised a
reliable subscale (Cronbach’s alpha = 0.78). The secondary appraisal items included
manageability, ability, and performance and were marginally reliable (Cronbach’s alpha
= 0.66). Items were rated on seven-point graphic rating scale. A ratio was computed
(primary subscale/secondary subscale) so that higher values denote threat appraisals. A
tertiary split of the ratios was conducted to create threatened, neutral, and challenged
groups. Those challenged (n = 11) had a ratio less than or equal to 0.39, whereas those
threatened (n = 13) had a ratio greater than or equal to 0.55.
2.3.2 Manipulation Check. The manipulation check survey was used to assess
the participants’ perception of temperature and comfort level. The survey had five items,
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three for temperature change perception (e.g., did you notice a temperature change?) and
two for comfort level (e.g., how would you rate your comfort?) (See Appendix A for a
complete list of items).
2.3.3 Performance. Performance on the simulated air traffic control vigilance
task was measured by recording the number of hits, misses, false alarms, and correct
rejections for each participant. A hit occurs when a participant correctly indicates that a
critical image was displayed. A miss occurs when a participant does not indicate that a
critical image was displayed when one was actually displayed. A false alarm occurs
when a participant indicates that a critical image was displayed when a neutral image was
displayed. Lastly, a correct rejection occurs when no critical image was displayed,
instead a neutral image was, and the participant correctly does not indicate that a critical
image was displayed.
The conditional probabilities or occurrence rate of these values were calculated by
dividing each value by the total number of test events. These probabilities were then
used to calculate each participants perceptual sensitivity, A’, and response bias, B’’.
Perceptual sensitivity describes how well the participant can distinguish between a
critical image and a neutral image or noise (see equation 1).
(𝐻𝐻−𝐹𝐹)2 + |𝐻𝐻−𝐹𝐹|

𝐴𝐴′ = .5 + �𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝐻𝐻 − 𝐹𝐹) 4 max(𝐻𝐻,𝐹𝐹)−4𝐻𝐻𝐻𝐻�

(1)

H is the hit rate and F is the false alarm rate. Sign (H - F) equals 1 if H > F, 0 if H = F,
and -1 if H < F. Max (H, F) equals either H or F, whichever is greater. A’ typically
ranges from .5 to 1. The value lower indicates that critical images cannot be distinguished
from neutral images and 1 corresponds to perfect performance. Response bias refers to
how strict or lenient a participant is in determining whether information presented is
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critical or neutral. B’’ can range from -1 to 1. The lower value indicates extreme bias in
favor of yes responses and 1 indicates extreme bias in favor of no responses. A value of 0
signifies no response bias. A higher B’’ will lead to less false alarms but a decreased hit
rate. A lower B’’ will lead to more hits in addition to more false alarms (see equation 2).
𝐻𝐻(1−𝐻𝐻)−𝐹𝐹(1−𝐹𝐹)

𝐵𝐵 ′′ = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝐻𝐻 − 𝐹𝐹) 𝐻𝐻(1−𝐻𝐻)+𝐹𝐹(1−𝐹𝐹)

(2)

In equation 2, H is the hit rate and F is the false alarm rate. Sign (H - F) equals 1 if H >
F, 0 if H = F, and -1 if H < F (Stanislaw & Todorov, 1999).
2.4 Localized Temperature Change Manipulation
This study was a one factor experimental design including one independent
variable with three levels (temperature change: hot, cold, control). Participants were
randomly assigned to a condition in which a hot temperature change occurred (from 75°F
to 110°F), a cold temperature change occurred (from 75°F to 65°F), or no temperature
change occurred (control) during a simulated air traffic control vigilance task.
2.5 Procedure
Participants were consented and then randomly assigned to a temperature
condition (hot, cold, or control). A description of the simulated air traffic control
vigilance task was read to them, and illustrative examples of critical signals and neutral
signals were provided. After the task description, the participants filled out the stressor
appraisal scale and the PANAS. Then, participants were asked to sit in the pod on the
thermoelectric pad. The thermoelectric blanket was placed over participants, allowing
free use of their hands. Participants were given a clicker to hold in their dominant hand
to respond to the task. A computer monitor inside the pod displayed the vigilance task,
and informed participants to press the clicker when they were ready to begin.
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Participants completed a five-minute practice session and then a 40-minute simulated air
traffic control task. The software recorded the results throughout the vigilance task.
After 20 minutes the temperature of the pad and blanket was either changed or not,
depending upon temperature condition. If a participant was assigned to either the hot or
cold temperature change condition, the entire temperature change occurred within 1
minute of pressing the switch on the thermoelectric pad/blanket. The task ended
automatically and the software compiled the data. After participants exited the pod, they
were administered the manipulation check survey.
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3. RESULTS
The results of the manipulation check survey revealed that all participants
assigned to the hot or cold temperature change conditions correctly identified that they
experienced a temperature change. However, five of the 12 individuals assigned to the
control condition falsely reported that they experienced a temperature change during the
course of the vigilance task. The data appear to show that comfort is greater in the hot
condition (M = 3.17, SD = 1.11) than either the cold (M = 2.25, SD = .97) or control (M =
2.5, SD = 1.31) condition. An ANOVA revealed this was not a significant difference,
F(2, 33) = 2.69, ns. A simple effects test was computed to compare the temperature
extremes and showed that the hot condition was perceived as significantly more
comfortable than the cold condition, t(11) = 2.2, p < .05.
The performance data collected over the course of the 40-minute vigilance task
were averaged into eight five-minute portions for analysis (0-5, 5-10, 10-15, 15-20, 2025, 25-30, 30-35, 35-40). Five-minute portions were chosen because past research has
shown that in an especially difficult vigilance task a vigilance decrement can be observed
within five minutes of beginning the task (Nuechterlein, Parasuraman, & Jiang, 1983;
Temple et al., 2000). During the first half of the vigilance task (0-20 minutes)
temperature was consistent across the three temperature groups but during the second half
(20-40 minutes) a cold or hot temperature change was introduced to two of the groups
while the control condition remained the same. Figure 3 shows the mean sensitivity
index (A’) over the course of the vigilance task. A trend analysis was performed to
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investigate performance trends across the first and second half of the vigilance task.
Significant linear trends in sensitivity index were observed for both the first, F(1,35) =
10.01, p < .01, and second, F(1,35) = 5.29, p < .05, half of the vigilance task. A decline
was observed across the first half of the vigilance task whereas an increase in sensitivity
was observed across the second half.
The first hypothesis was that participants subjected to either the hot or cold
temperature change half way through the vigilance task would experience increased
vigilance performance. Repeated measures ANOVAs investigating the sensitivity index
over time by temperature condition (Figure 4) revealed a marginally significant
interaction between time and temperature condition during the second half of the
vigilance task, F(6,99) = 1.79, p = .10, but not during the first half of the vigilance task,
F(6,99) = 1.07, ns. An interaction between time and temperature condition during the
first half of the vigilance task was not anticipated. Similar negative performance trends
were expected for the three temperature conditions because the temperature manipulation
was not induced until the 20 minute mark of the task. To further explore the observed
marginal interaction, post hoc analyses for each 5 minute time segment within the second
half of the vigilance task (20-25, 25-30, 30-35, 35-40) were performed. No significant
effects of temperature condition on sensitivity were found.
An analysis utilizing hit rate as the dependent variable yielded similar results.
Significant linear trends in hit rate were observed for both the first, F(1,35) = 9.46, p <
.01, and second, F(1,35) = 5.20, p < .05, half of the vigilance task. A decline was
observed across the first half of the vigilance task whereas an increase in hit rate was
observed across the second half (Figure 5). Repeated measures ANOVAs investigating
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hit rate over time by temperature condition (Figure 6) revealed a significant interaction
between time and temperature condition during the second half of the vigilance task,
F(6,99) = 2.18, p = .05, but not during the first half of the vigilance task, F(6,99) = 1.02,
ns. To further explore the interaction, post hoc analyses for each 5 minute time segment
within the second half of the vigilance task (20-25, 25-30, 30-35, 35-40) were performed.
No significant effects of temperature condition on hit rate were found.
Because the vigilance decrement occurs over time, an ANOVA with difference
scores as the dependent variable was conducted post hoc to investigate change in hit rate
from the 0-5 minute portion of the vigilance task to the 25-30 minute portion of the
vigilance task. The difference scores provided an indication of how successful the
temperature change was in alleviating the vigilance decrement over time. Although a
significant main effect of temperature condition, including the hot, cold, and control
groups, on change in hit rate was not found, F(2, 33) = 2.40, ns, a pairwise comparison of
the cold and control groups revealed a significant effect. Participants in the cold
temperature condition had significantly less of a decrease in hit rate over time (M = .03,
SD = .11) than those who experienced no temperature change (control condition) (M = .08, SD = .12), F(1, 22) = 5.32, p < .05 (see Figure 7).
The mean response bias for all of the participants over the course of the entire 40
minute vigilance task was 0.83 (SD = 0.27). Overall participants tended to require a lot
of evidence to indicate a critical signal was observed, resulting in fewer false alarms and
a decreased hit rate. A repeated-measures ANOVA was conducted to compare the
response bias for each temperature group throughout the 40 minute vigilance task. There
was no effect of temperature change on response bias, F(14, 231) = .86, ns (see Figure 8).
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The second hypothesis was that stressor appraisals would influence the
relationship between localized temperature change and vigilance performance. Table 2
shows bivariate correlations among the ten stress appraisal items. The correlations (most
rs > 0.20) reveal that the primary and secondary appraisal items correlate relatively well
among themselves and should comprise reliable subscales (see Method for reliabilities).
To test the second hypothesis that stressor appraisals would influence the relationship
between localized temperature change and vigilance performance, an ANOVA was
computed with temperature condition (cold and control groups only) and appraisal group
as the independent variables and change in hit rate as the dependent variable. There was
not a significant interaction between temperature condition and stressor appraisal group
on change in hit rate. However, stressor appraisals had a marginal effect on change in hit
rate, F(1, 13) = 3.86, p = .07 (see Figure 9). Regardless of temperature condition, those
individuals who perceived the task as challenging (M =.02, SD = .10) tended to have less
of a performance decrement over time than those who perceived the task as threatening
(M = -.08, SD = .10).
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4. DISCUSSION
The present study examined the effects of localized temperature change on
vigilance performance. Localized temperature changes were expected to result in
increased vigilance performance. Additionally, stressor appraisals were expected to
influence the relationship between localized temperature changes and vigilance
performance such that challenged individuals were expected to have increased vigilance
performance compared to threatened individuals.
As anticipated and suggested by previous literature (Teichner, 1974), a decrement
in vigilance performance was observed over the first half of the vigilance task. The
relatively immediate decrease in performance across all three groups indicates that the
simulated air traffic control task used in this study is fairly difficult (Nuechterlein,
Parasuraman, & Jiang, 1983; Temple, et al., 2000). During the second half of the
vigilance task, interactions between time and temperature condition marginally predicted
sensitivity index and significantly predicted hit rate. Individuals in the cold condition
experienced less of a vigilance decrement over time, compared to those individuals in the
control condition. This finding shows that compared to no change, a cold localized
temperature change is an effective tool for decreasing the vigilance decrement commonly
observed 15-20 minutes into a vigilance task. This finding also builds on past research
showing that colder ambient environments resulted in better vigilance performance and
faster response times (Bursill, 1958; Poulton, Hitchings & Brooke, 1965). The present
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study produced similar results utilizing localized temperature changes in place of ambient
temperature.
It was hypothesized that stressor appraisals would interact with temperature
change to influence vigilance performance. A significant interaction between stressor
appraisals and temperature change was not found, but stressor appraisals did tend to
marginally influence vigilance performance over time. Challenged individuals where
inclined to exhibit less of a decrease in vigilance performance over time than threatened
individuals. Interestingly, challenged individuals and individuals assigned to the cold
condition tended to demonstrate a small increase in vigilance performance over time,
while threatened individuals and individuals assigned to the control condition tended to
demonstrate a decrease. When comparing the cold and control groups, these data suggest
that the vigilance decrement commonly observed in vigilance settings may be alleviated
through the use of cold localized temperature change. Although the results were only
marginally significant in this study, testing with more statistical power might indicate that
the decrement could also be alleviated in individuals who perceive the task as challenging
rather than threatening. According to these findings, temperature change should and
stress appraisals might be considered important factors for assuaging the vigilance
decrement.
Overall, the results provide further evidence for already established theories.
The slightly differing effects of the temperature conditions on vigilance performance
align with Thayer’s multidimensional conceptualization of the arousal theory (1978).
According to this theory, two activation dimensions and a single continuum of energy
expenditure interact with one another to result in different levels of activation. The
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energetic arousal dimension ranges from subjectively defined feelings of energy to
feelings of sleepiness whereas the tense arousal dimension ranges from subjective tension
to placidity. At high levels of energy expenditure, which are routinely required by
vigilance tasks, the dimensions of activation are negatively correlated and extremely low
activation on either dimension de-energizes the entire system. In regards to the current
study, it is possible that the cold localized temperature change lead to increased
subjective feelings of energetic arousal in the participants, resulting in lower levels of
tense arousal and increased performance. Conversely, the hot and control temperature
conditions, which received higher comfort rankings than the cold condition, may have
resulted in lower activation levels on one or both of the dimensions.
The results suggesting that stressor appraisals are marginal predictors of vigilance
performance provide some support for Lazarus and Folkman’s transactional model of
stress (1984). The vigilance task was appraised differently by the participants and in
return, performance on the task tended to vary as expected. The relationship between
stressor appraisals and vigilance performance, in particular, had not been studied until
now. However, past research has shown that appraisals predict different performance
outcomes (Schneider, 2004; Gildea, Schneider & Shebilske, 2007). Convergent with past
research, similar performance outcomes tended to be associated with vigilance
performance, whereby challenged individuals tended to perform better on the vigilance
task over time than the threatened individuals.
A key limitation for this research that should be noted when interpreting the
results is the equipment used. The thermoelectric heating and cooling pad/blanket system
was an exploratory piece of equipment that had a greater heating range than cooling
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range. As a result, those individuals who were assigned to the heating condition actually
experienced a greater change in temperature than those individuals assigned to the
cooling condition, although it was the cold condition that effected vigilance performance.
Also, in order to get the most accurate measure of challenge or threat, the stressor
appraisal scale should be administered after the participants are given a chance to see the
speed of the task. The current study administered the stressor appraisal scale after a brief
description of the task, prior to any practice. Participants often indicated after the
practice session that the task was harder than they had anticipated based on the
description they were given. This gap between the description and reality most likely
resulted in overall lower stressor appraisal ratios, which indicate challenge rather than
threat. Lastly, physiological data was not collected in conjunction with the performance
data for this study so although a vigilance decrement was observed it is hard to pinpoint
why it occurred. Collecting physiological data in addition to the performance data would
have most likely made it easier to tie the results of this study to either the mindlessness
perspective or the mental fatigue perspective (Helton & Russell, 2011). Future research
should investigate different temperature change ranges as well as different surface areas
to induce localized temperature changes across. Moreover, future research should
consider studying the effects of multiple temperature changes over the course of a
vigilance task rather than just a single temperature change. It is possible that better
results could be observed with more than one temperature change.
The findings generated from this study have implications for the modern work
place. As more work places rely on automated human machine interfaces, sustained
vigilance and the factors that affect vigilance will become increasingly important. The

24

results of this study indicate that cold localized temperature change or stressor appraisals
could be practical tools for increasing vigilance performance over time. An increase in
vigilance performance over time would lead to fewer errors on the job and the possibility
of longer shifts. Localized temperature change is far more practical to implement in the
work place than ambient temperature changes or other factors that have been proven to
affect vigilance such as scent and exercise.
In conclusion, the implementation of cold localized temperature change appears
to be a viable alternative option for increasing vigilance performance over time in the
work place. Stressor appraisals appear to similarly influence vigilance performance over
time. Stressor appraisal scales could be used in the workplace to indicate whether
someone is challenged or threatened by the task at hand. Challenged individuals, who
feel that their coping techniques outweigh the demands of the task, would be expected to
perform better on vigilance tasks than threatened individuals. The data presented in this
paper replicate and extend past research findings, while also helping to clarify the
inconsistent research that currently surrounds the relationship between temperature and
vigilance performance.
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TABLES AND FIGURES

Table 1
Representative First-order and Second-order Factors (Faisal et al., 2008)
Key Psychophysical Variables that Affect Vigilance Task Performance
First-Order Factors

Second Order Factors

Background event rate

Signal Probability

Signal intensity

Signal regularity

Sensory modality

Event regularity

Signal duration

Signal spatial uncertainty

Multiple signal sources

Signal type
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Table 2.
Correlations among primary and secondary appraisal items.
Threat

Demand

Stress

Exert

Effort

Import

Uncertain

Manage

Cope

Threat
Demand

.53**

Stressful

.52**

.80**

Exertion

.57**

.48**

.39*

Effort

.55**

.67**

.67**

.59**

Importance

.14

.20

.28

.07

.34*

Uncertain

.28

.27

.26

-.00

.30

.12

Manageable

-.03

.04

-.03

-.05

-.05

.16

-.06

Cope

-.17

-.29

-.35*

-.03

-.23

-.16

-.31

.35*

Perform

-.02

-.01

-.16

-.01

-.24

-.01

-.20

.48**

* p < 0.05; **p < 0.01.
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.35*

Perform

Critical Event (Collision Path) Stimuli

Clockwise Flight Paths

Counter-clockwise Flight Paths

Neutral Event (Safe) Stimuli

Figure 1. Possible critical event and neutral event images from the simulated air traffic
control vigilance task.
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Figure 2. The thermoelectric pad and blanket situated inside the pod while the shield is
open and closed.
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Mean Sensitivity Index (A')
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Figure 3. Mean sensitivity index over the course of the 40-minute vigilance task.
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Figure 4. Mean sensitivity index by temperature group over time.
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Figure 5. Mean hit rate over the course of the 40-minute vigilance task.
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Figure 6. Mean hit rate by temperature condition over time.
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Figure 7. Change in vigilance performance over time for the cold and control condition.
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Figure 8. Mean response bias by temperature group over time.
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Figure 9. Percent change in vigilance performance based on stressor appraisal and
temperature condition.
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APPENDIX
Manipulation Check Questionnaire (created for this research):
1. Did you notice a temperature change?
Yes

No

2. How would you rate the temperature of the pad/blanket at the beginning of task?
Cold

1

2

3

4

5

Hot

3. How would you rate the temperature of the pad/blanket at the end of task?
Cold

1

2

3

4

5

Hot

4. How annoyed did you feel over the course of the task?
Not Annoyed

1

2

3

4
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5 Annoyed

